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PROBLEM TO BE SOLVED: To provide a method for measuring a gas concentration 
wherein the concentration of oxygen gas as well as the concentration of a specific gas in a 
gas can be measured, and a sensor element can be constructed more simply. 



SOLUTION: A gas sensor element 1 has a sensor cell 2 and a pump cell 3 while the 
sensor cell 2 is connected to a detecting circuit 25 including a first ammeter 251 and a 
power source 253 and, the pump cell 3 is connected to a pump circuit 35 including a 
second ammeter 351 and a variable power source 353. A concentration of oxygen gas in 
a gas is measured from a detected value of the second ammeter 351 with use of the gas 
sensor element 1 . The variable power source 353 is controlled on the basis of the 
obtained concentration value of oxygen gas, and at the same time the concentration of a 
specific gas in the gas to be measured is measured from the detected value of the first 
ammeter 251 . 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the measuring method which measures specific gas 

concentration with oxygen gas concentration. 

[0002] 

[Description of the Prior Art] The air pollution by exhaust gas, such as an automobile, has caused the serious 
problem in modem society, and the purification criteria regulation to the public nuisance matter in exhaust gas 
is becoming severe every year. Therefore, examination of the further reduction of the public nuisance matter in 
the exhaust gas by the catalytic converter installed in the precise combustion control, the engine exhaust air 
system, etc. is advanced [ rather than ] to the gasoline engine, the diesel power plant, etc. 
[0003] By U.S. OBD-II regulation, it is being required that an engine combustion control system etc. should be 
equipped with the function to judge whether the catalyst for purifying the exhaust gas in a catalytic converter is 
in a suitable condition, on the other hand, the monitor system using the former and two oxygen sensors etc. ~ 
installation — now, it is. 

[0004] However, the approach of using an oxygen sensor is not the approach of measuring correctly **** of the 
public nuisance matter in direct exhaust gas. This approach is maintaining the air-fuel ratio in an engine in the 
suitable condition, and is an approach which is going to raise the purification effectiveness of the exhaust gas by 
the catalytic converter. That is, it was the indirect approach of purification effectiveness being raised and 
reducing the public nuisance matter out of exhaust gas. 

[0005] In an engine combustion control system, an engine catalyst monitor, etc., if NOx (for example, nitrogen 
oxides of NO and N02 grade) gas concentration is directly detectable, more exact and effective approach is 
expectable from the inside of exhaust gas to the purpose of reducing the public nuisance matter. From the above 
backgrounds, the gas sensor component as shown in drawing 16 was proposed as a sensor component for 
measuring the NOx gas concentration in exhaust gas in recent years (JP,8-271476,A). 

[0006] This gas sensor component 9 has the 1st internal dead air space 921 and the 2nd internal dead air space 
922 which were connected with the diffusion path 920 which functions as a diffused resistor. Measured gas is 
introduced into the 1st internal dead air space 921 from the introductory way 910, and the amount of oxygen in 
measured gas is controlled in here. Subsequently, the measured gas by which the amount of oxygen was 
controlled is led to the 2nd internal dead air space 922 through the diffusion path 920, and the NOx gas 
concentration in the measured gas which exists in the ambient atmosphere of the 2nd internal dead air space 922 
is measured. 

[0007] The following approaches are adopted as the above-mentioned gas sensor component 9 as an approach 
of controlling the amount of oxygen in the measured gas in the 1st internal dead air space 921. That is, in the 1st 
internal dead air space 921, the reference eel 82 which has the reference electrode 821 for oxygen tension 
detection, and the pumping electrode 81 1,812 for oxygen-pumping eel 81 are formed, and the amount of 
energization of a between [ the pumping electrodes 81 1,812 ] is controlled based on the oxygen tension detected 
by the reference eel 82. Thereby, the oxygen tension in the ambient atmosphere in the 1st internal dead air space 
921 is controllable. In addition, the sign 925 in this drawing is a criteria gas chamber, and the reference 
electrode 820 prepared here is also a reference electrode of the sensor eel 83 shown below while being a 
reference electrode of the reference eel 82. Moreover, signs 91 and 93 are the solid electrolyte objects of oxygen 
ion conductivity. 

[0008] In the 2nd internal dead air space 922, the sensor eel 83 with the sensor electrode 831 for NOx gas 
determination is formed. The NOx gas concentration in measured gas is measured with this sensor electrode 
831. Specific gas concentration, such as NOx, can be measured by the above, the oxygen tension, i.e., the 
oxygen gas concentration, in measured gas. 
[0009] 
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[Problem(s) to be Solved] However, there are the following problems in the amount control approach of oxygen 
in the measured gas in the gas sensor component concerning the conventional technique. That is, it will be 
necessary to have the electrode which has two sorts called a reference electrode and the pumping electrode of 
oxygen of different functions, and the structure of a sensor component will benefit the amount control of oxygen 
so complicated. 

[0010] This invention tends to offer the gas-concentration-measurement approach which can simplify structure 
of a sensor component more while it was made in view of this conventional trouble and can measure oxygen gas 
concentration with the specific gas concentration in measured gas 
[0011] 

[Means for Solving the Problem] The sensor eel which consists of a measuring electrode which invention of 
claim 1 was prepared in the front face of a solid electrolyte object and this solid electrolyte object, and faced the 
measured gas chamber, and a reference electrode facing a criteria gas chamber, Moreover, while consisting of a 
pump electrode of the pair prepared in the front face of a solid electrolyte object and this solid electrolyte object 
Have the pump eel arranged by facing a measured gas chamber, and while connecting with the detector 
equipped with the 1st ammeter and a power source, the above-mentioned sensor eel The above-mentioned pump 
eel the 2nd ammeter and the source of good transformation Measure the oxygen gas concentration in measured 
gas from the detection value of the 2nd ammeter of the above using the gas sensor component connected to the 
pump circuit which it had, and while controlling the above-mentioned source of good transformation from the 
acquired oxygen gas concentration value It is in the gas-concentration-measurement approach characterized by 
measuring the specific gas concentration in measured gas from the detection value of the 1st ammeter of the 
above. 

[0012] In measurement concerning this invention, the source of good transformation of a pump circuit performs 
impression of an electrical potential difference to a pump eel, and the second ammeter is formed in this pump 
circuit. The oxygen gas in a measured gas chamber ionizes by impressing an electrical potential difference to a 
pump eel in a pump electrode surface, and it is emitted to measured gas outdoor through a solid electrolyte 
object. 

[0013] By the way, drawingJZ indicated the relation between a pump eel current and pump eel applied voltage. 
Although a current will become large in proportion to an electrical potential difference if a pump current has a 
small electrical potential difference, a current will not change from a certain place (limiting current value). After 
this condition continues for a while, if an electrical potential difference becomes large further, in proportion to 
an electrical potential difference, a current will become large again. The curve of the property of this electrical- 
potential-difference-current will move to the bottom of Hidari slanting, if it changes corresponding to oxygen 
gas concentration and oxygen gas concentration decreases, as shown in drawing 7 . 
[0014] Therefore, as the 2nd ammeter shows a limiting current value to a pump eel, an electrical potential 
difference is impressed from the source of good transformation, and oxygen gas is emitted to outdoor so that it 
may become theoretical air fuel ratio about the amount of oxygen in measured gas. Thereby, the indoor amount 
of oxygen can always be uniformly decreased easily to about ten to 6 atm extent. Furthermore, since the value 
of a limiting current value is proportional to oxygen gas concentration from drawing 7 , it can measure to 
coincidence oxygen gas concentration in the measured gas introduced into the measured gas chamber. 
[0015] Moreover, the power source of a detector performs impression of an electrical potential difference to a 
sensor eel, and the 1st ammeter is formed in this detector. The specific gas in measured gas is returned on a 
measuring electrode by impressing an electrical potential difference to a sensor eel, oxygen ion is produced, and 
since the electrical potential difference is impressed to the measuring electrode and the reference electrode, the 
ion current according to the specific gas concentration in measured gas will flow on the solid electrolyte object 
in a sensor cel. 

[0016] Since this ion current circulates the detector connected to the sensor eel, it can be measured with the 1st 
ammeter in this detector. And since this ion current changes according to specific gas concentration as shown in 
drawin g_8 , it can measure specific gas concentration from the value of the 1st ammeter. Moreover, since 
oxygen gas is already mostly sampled from measured gas in the pump eel as mentioned above, it is only oxygen 
of the specific gas origin which is ionized on the above-mentioned sensor cel. Therefore, the value of the 1st 
ammeter is proportional to specific gas concentration. 

[0017] Thus, according to the measuring method concerning this invention, since oxygen gas concentration can 
be measured with the concentration of specific gas only in a pump eel and a sensor eel unlike the former, 
structure of a gas sensor component can be simplified. 

[0018] As mentioned above, according to this invention, while being able to measure oxygen gas concentration 
with the specific gas concentration in measured gas, the gas-concentration-measurement approach which can 
simplify structure of a sensor component more can be offered. Moreover, since the structure of a sensor 
component becomes easy, manufacture of a gas sensor component can be made easy. Furthermore, since the 
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number of electrodes can be reduced, the amount of the expensive noble-metals ingredient used can also be 
reduced, and cost reduction can also be realized. 

[0019] In addition, various kinds of specific gas concentration by changing the class of measuring electrode in 
the sensor eel of the gas sensor component used by the measuring method of this invention can be measured. 
For example, an NOx sensor component can be obtained by using an activity electrode to NOx. That is, in a 
measuring electrode, when NOx contacts, it is desirable to constitute from matter which has the operation which 
decomposes this NOx into nitrogen ion and oxygen ion. 

[0020] Although the disassembled oxygen ion serves as the ion current which circulates a solid electrolyte 
object by carrying out like this, if this current value is measured, the value proportional to NOx concentration 
can be acquired. Therefore, it functions as an NOx sensor component. Since the component which measures 
concentration, such as CO, HC, and H20, is obtained in addition to it, the measuring method concerning this 
invention is applicable to such gas concentration measurement. 

[0021] In the gas sensor component used in this invention, the above-mentioned pump electrode facing 
measured gas needs to consist of inactive matter to specific gas. With the above-mentioned gas sensor 
component, specific gas concentration is measured with the amount of the oxygen ion generated by 
decomposing specific gas so that it may mention above. Therefore, if consumption of the specific gas in a pump 
eel is not prevented, measurement of exact specific gas concentration becomes impossible. 
[0022] Moreover, the exterior of a gas sensor component can be faced and the above-mentioned pump eel can 
be arranged while facing a measured gas chamber and being arranged (refer to drawing 1 ). Moreover, a criteria 
gas chamber can be faced and the above-mentioned pump eel can also be arranged while it faces a measured gas 
chamber (refer to drawing 14 ). 

[0023] It is [ invention according to claim 2 ] desirable to fill up with the porous body of 3 - 30% of porosity 
while the above-mentioned measured gas chamber in the above-mentioned gas sensor component is constituted 
by the one space section. Since the measured gas chamber of the gas sensor component used in this invention is 
a simple configuration which consists only of the one space section and is a solid, it can maintain the 
configuration of a measured gas chamber easily also in the time of manufacture etc., and neither deformation 
nor dimension deviation can produce it easily. Therefore, according to the measuring method concerning this 
invention using such a component, high measurement of precision can be performed. 

[0024] Moreover, since [ for which the gas sensor component used by the measuring method concerning this 
invention was mentioned above ] it solves and the measured gas chamber is filled up with the porous body, 
diffusion of measured gas will generate it in a porous body. Therefore, diffusion of measured gas turns into 
diffusion with which Knudsen diffusion and molecular diffusion were mixed, and temperature dependence 
becomes small. For this reason, measurement independent of temperature can be performed. 
[0025] As mentioned above, according to these, the accuracy of measurement is high and can provide the 
accuracy of measurement with the gas-concentration-measurement approach with little temperature dependence. 

[0026] 

[Embodiment of the Invention] The structure of the gas sensor component used for the gas-concentration- 
measurement approach and this concerning the example of an operation gestalt of example of operation gestalt 1 
this invention is explained using drawing 1 - drawing 8 . In addition, the gas-concentration-measurement 
approach of this example is the approach of measuring the NOx gas concentration in measured gas. 
[0027] As the gas sensor component 1 used by this example is shown in drawing 1 , the solid electrolyte object 
13, The sensor eel 2 which consists of a measuring electrode 21 which was prepared in the front face of this 
solid electrolyte object 13, and faced the measured gas chamber 101, and a reference electrode 22 facing the 
criteria gas chamber 102, Moreover, while consisting of pump electrodes 31 and 32 of the pair prepared in the 
front face of the solid electrolyte object 1 1 and this solid electrolyte object 1 1 Have the pump eel 3 arranged by 
facing the measured gas chamber 101, and while connecting with the detector 25 equipped with the 1st ammeter 
251 and a power source 253, the above-mentioned sensor eel 2 The above-mentioned pump eel 3 is connected 
to the pump circuit 35 equipped with the 2nd ammeter 351 and the source 353 of good transformation. 
[0028] The oxygen gas concentration in measured gas is measured from the detection value of the 2nd ammeter 
351 of the above using such a gas sensor component 1, and while controlling the above-mentioned source 353 
of good transformation from the acquired oxygen gas concentration value, the specific gas concentration in 
measured gas is measured from the detection value of the 1st ammeter 251 of the above. And the above- 
mentioned measured gas chamber 101 is filled up with the porous body while it is constituted by the one space 
section. 

[0029] It explains below at a detail. As shown in drawin g 1 , the gas sensor component 1 of this example is a 
component of a laminating mold, and consists of the solid electrolyte objects 11,12, and 13, an insulating 
substrate 14, and a heater 15. The pump eel 3 which consists of pump electrodes 3 1 and 32 of a pair is formed in 
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the solid electrolyte object substrate 1 1, and the above-mentioned pump electrode 32 has met the measured gas 
chamber 101. The measured gas chamber 101 consists of filling up with the porous body of 12% of porosity the 
space section surrounded with the solid electrolyte objects 11,12, and 13. This porous body introduces 
measured gas into the measured gas chamber 101 under a certain diffused resistor, and it has formed it in order 
to make it spread to near the measuring electrode 21 concerning the sensor eel 2. 

[0030] Moreover, the measuring electrode 21 and the reference electrode 22 are formed in the above-mentioned 
solid electrolyte object 13, and the sensor eel 2 is constituted by these. The measuring electrode 21 in the above- 
mentioned sensor eel 2 is an electrode which consists of platinum, and by giving an electrical potential 
difference to the sensor eel 2, this measuring electrode 21 can decompose NOx, can generate nitrogen ion and 
oxygen ion, and can carry out the pumping of this oxygen ion to the criteria gas chamber 102. That is, a 
measuring electrode 21 is an activity electrode to NOx. Moreover, although the above-mentioned reference 
electrode 22 also consists of platinum, it can also constitute from a golden-platinum electrode. 
[0031] Moreover, the pump electrodes 31 and 32 of the pair in the above-mentioned pump eel 3 consist of a 
golden-platinum electrode which does not decompose NOx. The pump eel 3 can carry out the pumping of the 
oxygen ion from the measured gas chamber 101 to the exterior or its hard flow by giving a suitable electrical 
potential difference. 

[0032] Moreover, as shown in drawing ! , the lead section 311 for electrical-potential-difference impression is 
formed in the pump electrode 31 of the pump eel 3. In addition, although illustration was omitted in drawing 1 
and drawing ! , the object for electrical-potential-difference impression, or the lead section and the terminal area 
for output fetch are similarly prepared about the measuring electrode 21 of the sensor eel 2, a reference 
electrode 22, and another pump electrode 32 of the pump eel 3. 

[0033] Moreover, the laminating of the heater 15 is carried out through the spacer 14 to the solid electrolyte 
object 13. And the space section surrounded at the solid electrolyte object 13, the spacer 14, and the heater 15 
serves as the criteria gas chamber 102. The above-mentioned heater 15 consists of a heating element 150 
containing the platinum installed in the heater substrate 151 and this heater substrate 151, and this heating 
element 150 is covered with the covering substrate 152. 

[0034] Moreover, the lead section (illustration abbreviation) for supplying power to a heating element 150 is 
prepared also to the above-mentioned heater substrate 151. Moreover, when the measuring electrode 21 in the 
sensor eel 2, a reference electrode 22, and the pump electrodes 3 1 and 32 in the pump eel 3 are seen in 
projection, as for the above-mentioned heating element 150, preparing so that these can be covered is desirable. 
Functions, such as a pumping and decomposition of NOx, can be demonstrated for the first time by heating each 
electrodes 21 , 22, 3 1 , and 32 to activity temperature. For this reason, in order to heat these electrodes 2 1 , 22, 3 1 , 
and 32 efficiently at the above-mentioned heater 15, it considered as such a configuration. 
[0035] Next, the manufacture approach of the gas sensor component 1 of this example is explained. First, it 
explains per production of the solid electrolyte objects 1 1 and 12 and the zirconia student sheet for 13. The 
mean diameter which consists of six-mol % of yttria, and 94-mol % of a zirconia prepared the ceramic mixture 
which consists of the yttria partially-stabilized-zirconia 100 section (weight section, following ****) which is 
0.5 micrometers, the alpha-alumina 1 section, the PVB(polyvinyl butyral)5 section, the DBP(DEBU chill 
phthalate)10 section, the ethanol 10 section, and the toluene 10 section. Subsequently, the above-mentioned 
ceramic mixture was mixed in the ball mill, and desiccation thickness fabricated the obtained slurry with the 
doctor blade method to the sheet Plastic solid which is 0.3mm. 

[0036] The above-mentioned sheet Plastic solid was cut in rectangle of 5x70mm, and printing formation of the 
printing section for pump electrode 32 of the pump eel 3 was carried out using the paste which consists of 1 - 
10wt% golden addition platinum and zirconia 10wt%. The printing section used as each lead section connected 
to the pump electrode 32, and the pump electrode 31 prepared in the location which counters and these pump 
electrodes 31 and 32 on the other hand was formed by screen-stencil using the 10wt% zirconia addition 
platinum paste. This serves as a raw sheet for solid electrolyte object 11. 

[0037] Moreover, the above-mentioned sheet Plastic solid was cut in rectangle of 5x70mm, and the 2x1 5mm 
space section was prepared so that a tip might become the character of KO. This serves as a raw sheet for solid 
electrolyte object 12. 

[0038] Moreover, the above-mentioned sheet Plastic solid was cut in rectangle of 5x70mm, and printing 
formation of the printing section for measuring-electrode 21 was carried out using the 10wt% zirconia addition 
platinum paste. The printing section which, on the other hand, turns into each lead section connected to the 
above-mentioned measuring electrode 21 and the above-mentioned reference electrode 22 was formed by 
screen-stencil using the 10wt% zirconia addition platinum paste. This serves as a raw sheet for solid electrolyte 
object 13. 

[0039] Next, it explains per production of the alumina student sheet a spacer 14, the heater substrate 151, and 
for covering substrate 152. The ceramic mixture which consists of the alpha-alumina 98 section of 0.3 
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micrometers of mean diameters, the 6 mol % yttria partially-stabilized-zirconia 3 section, the PVB10 section, 
the DBP10 section, the ethanol 30 section, and the toluene 30 section was prepared. Subsequently, it is in a ball 
mill, this ceramic mixture was mixed, and the obtained slurry was fabricated to the sheet Plastic solid from 
which desiccation thickness is set to 0.3mm with a doctor blade method. 

[0040] The above-mentioned sheet Plastic solid was cut in rectangle of 5x70mm, and the 2x65mm space section 
was prepared so that it might become the character of KO which the tip closed. This serves as a raw sheet for 
spacer 14. Moreover, the above-mentioned sheet Plastic solid was cut in rectangle of 5x70mm, and the printing 
section which constitutes the lead section for energizing to a heating element 150 or this heating element 150 
etc. was formed with screen printing using the **-strike in which a 90wt% platinum and a 10wt(s)% alumina 
are contained. This serves as a raw sheet for heater substrate 151. Moreover, the above-mentioned sheet Plastic 
solid is cut by 5x70mm, and the raw sheet for covering substrate 152 is produced. 

[0041] Next, the manufacture approach of the porous body with which the above-mentioned measured gas 
chamber 101 was filled up is explained. As a binder, the span 1 section was mixed as the DBP5 section and a 
defoaming agent, the TEREPINE all 50 section and the alumina powder 100 section were mixed as a solvent as 
the PVB10 section and a plasticizer, and the alumina paste was produced by letting it pass 20 times on 3 rolls. 
[0042] And the laminating of each above-mentioned raw sheet is carried out, and a layered product is 
constituted. This approach is explained. First, at 80 degrees, thermocompression bonding of the raw sheet for 
solid electrolyte object 12 and the raw sheet for solid electrolyte object 13 is carried out, and they carry out a 
laminating. Subsequently, the above-mentioned alumina paste is filled up with screen printing into the space of 
the solid electrolyte object 12, and the part used as the measured gas chamber 101 is produced. Then, laminating 
sticking by pressure was carried out one by one, and the layered product was obtained as the remaining raw 
sheets were shown in drawingj, . The layered product obtained by the above approach was calcinated at 1500 
degrees C among atmospheric air in 1 hour. This obtained the gas sensor component 1 concerning this example. 
[0043] Next, the measuring method of the specific gas concentration by the above-mentioned gas sensor 
component 1 and oxygen gas concentration is explained using the following block diagrams etc. As shown in 
drawing_3 , in the gas sensor component 1, the oxygen gas concentration detection means 6 is connected to the 
pump eel 3, and the specific gas concentration detection means 5 is connected to the sensor eel 2. Both the 
detection means 5 and 6 of both are a part of control circuits 4. And the signals IS and 2S emitted from each 
detection means 5 and 6 serve as an output of oxygen gas concentration, and serve as an output of NOx gas 
concentration. 

[0044] Next, a detail is explained about the above-mentioned control circuit 4. As shown in drawing 4 , the 
pump electrode 32 and measuring electrode 21 in the gas sensor component 1 are grounded, and it is held at the 
common potential Va (GND). And the oxygen gas concentration detection means 6 consists of an amplifying 
circuit 62 where the command electrical potential difference Vb from the pump eel applied-voltage command 
circuit 61 and this pump eel applied- voltage command circuit 61 which controls the applied voltage to the pump 
eel 3 is inputted into a non-inversed input terminal, and resistance 63 for detecting the pump eel current which 
flows according to oxygen gas concentration. 

[0045] The output from the above-mentioned amplifying circuit 62 is inputted to one terminal 631 of resistance 
63. Moreover, the terminal 633 for detecting the current according to oxygen gas concentration is also 
connected to the same terminal 631. Moreover, the electrical potential difference of a terminal 633 is Vd. 
[0046] The other-end child 632 of the above-mentioned resistance 63 is connected to the pump electrode 31 of 
the gas sensor component 1. Moreover, the same terminal 632 is connected also to the terminal 634 which 
detects the current according to oxygen gas concentration while it is inputted into the inversed input terminal of 
an amplifying circuit 62. Moreover, a terminal 634 is the same electrical potential difference as Vb which is a 
command electrical potential difference from the pump eel applied- voltage command circuit 61 inputted into the 
non-inversed input terminal of an amplifying circuit 62. 

[0047] Therefore, the command electrical potential difference Vb from the pump eel applied- voltage command 
circuit 61 is impressed as applied voltage to the pump eel 3. And from the resistance of the resistance 63 which 
detects the difference and pump eel current of the electrical potential difference Vd by the side of the amplifying 
circuit 62 of the resistance 63 which detects the pump eel current which flows according to oxygen gas 
concentration, and the electrical potential difference Vb by the side of the pump eel 3, it can obtain as a pump 
eel current is the following formula. 

(Pump eel current Ip) =(Vd-Vb) / R63 - R63 is the resistance of resistance 63 here. And this pump eel current 
corresponds to oxygen gas concentration. 

[0048] Moreover, the specific gas concentration detection means 5 consists of an amplifying circuit 52 where 
the command electrical potential difference Vc from the sensor eel applied- voltage command circuit 51 and this 
sensor eel applied- voltage command circuit 51 which controls the applied voltage of the sensor eel 2 is inputted 
into a non-inversed input terminal, and resistance 53 for detecting the sensor eel current which flows according 
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to NOx gas concentration. 

[0049] The output of the above-mentioned amplifying circuit 52 is connected to one terminal 531 of the 
resistance 53 which detects a sensor eel current, and this terminal 531 is connected to the terminal 533 which 
detects the current according to NOx gas concentration. Moreover, the electrical potential difference of a 
terminal 533 is Ve. 

[0050] Moreover, terminal 532 of one of the two is already connected also to the terminal 534 which detects the 
current according to NOx gas concentration which is the above-mentioned resistance 53 while connecting with 
the reference electrode 22 of the gas sensor component 1 and inputting it into the inversed input terminal of an 
amplifying circuit 52. This terminal 534 is the same electrical potential difference as Vb which is a command 
electrical potential difference from the sensor eel applied-voltage command circuit 51 inputted into the non- 
inversed input terminal of an amplifying circuit 52. 

[0051] Therefore, the applied- voltage signal Vc from the sensor eel applied- voltage command circuit 51 is 
impressed as applied voltage of the sensor eel 2, and from the resistance of the resistance 53 which detects the 
difference and sensor eel current of the electrical potential difference Ve by the side of the amplifying circuit 52 
of the resistance 53 which detects the sensor eel current which flows according to NOx gas concentration, and 
the electrical potential difference Vc by the side of the sensor eel 2, it can obtain as a sensor eel current is the 
following formula. 

(Sensor eel current Is) =(Ve-Vc) / R53 - R53 is the resistance of resistance 53 here. And this sensor eel current 
corresponds to NOx gas concentration. 

[0052] Next, the concrete configuration of the pump eel applied-voltage command circuit 61 and the sensor eel 
applied-voltage command circuit 51 is explained. Both the command circuits 51 and 61 are realizable with a 
microcomputer 66, A/D converter 65, and D/A converter 67, as shown in drawing 6 . Moreover, concrete 
actuation of both the command circuits 51 and 61 is explained using drawing 5 . 

[0053] As shown in drawing 5 , the electrical potential differences Vd and Vb in the both-ends child 631,632 of 
resistance 63 who detects the current which flows in the pump eel 3 according to oxygen gas concentration at 
step 581,582 are read. As shown in drawin g^ - drawing 6 , the electrical potential difference Vd of one terminal 
631 of the resistance 63 which detects a pump eel current is read into a microcomputer 66 in A7D1, and, 
specifically, the electrical potential difference Vb of the other-end child 632 of resistance 63 is read into a 
microcomputer 66 in A/D 2. 

[0054] Next, as shown in drawing 5 , the electrical potential differences Ve and Vc in the both-ends child 
531,532 of resistance 53 who detects the current which flows in the sensor eel 2 at step 583,584 according to 
NOx gas concentration are read. As shown in drawing 4 - drawing 6 , the electrical potential difference Ve of 
one terminal 531 of the resistance 53 which detects a sensor eel current is read into a microcomputer 66 in 
A/D3, and, specifically, the other-end child's 532 electrical potential difference Vc is read into a microcomputer 
66inA/D4. 

[0055] As shown in drawing 5 , the current Ip which flows in the pump eel 3 at step 585 is computed from the 
resistance R63 of Vd, Vb, and resistance 63. Then, whenever it is shown in drawing 7 , it comes by step 586, 
and it asks for the target applied voltage corresponding to the pump eel current lp using the applied- voltage 
characteristic ray LX1 to the pump eel 3 (a map operation is carried out). 

[0056] In addition, drawing 7 is the voltage-current characteristic ray of the pump eel obtained by taking the 
current which flows the applied voltage to a pump eel in a pump eel at an axis of ordinate on an axis of abscissa, 
and changing oxygen gas concentration. Applied voltage LX1 and the attached applied-voltage characteristic 
ray are straight lines obtained by connecting the center of the flat part (limiting current value) looked at by each 
voltage-current characteristic ray about each curve of** from which oxygen gas concentration differs - **. 
However, although there is quite little NOx which should be measured besides oxygen compared with 02, since 
it is contained in measured gas, as shown in drawing 7 in fact, target applied voltage must be set up in a field 
without decomposition of NOx. Furthermore, in step 587, it asks for the pump eel applied voltage Vb newer 
than target applied voltage, and this is outputted from D/Al . 

[0057] Next, in step 588, the current Is which flows in a sensor eel is computed from Ve, Vc, and R53, and at 
step 589, as shown in drawing 8 , it asks for the target applied voltage corresponding to the sensor eel current Is 
using the applied- voltage characteristic ray LX2 to a sensor eel (a map operation is carried out). 
[0058] In addition, drawing 8 is the voltage-current characteristic ray of the sensor eel obtained by taking the 
current which flows the applied voltage to a sensor eel in a sensor eel at an axis of ordinate on an axis of 
abscissa, and changing NOx gas concentration. Applied voltage LX2 and the attached applied-voltage 
characteristic ray are straight lines obtained by connecting the center of the flat part looked at by each voltage- 
current characteristic ray about each curve of ** from which NOx gas concentration differs - **. Furthermore, 
in step 590, it asks for the sensor eel applied voltage Vb newer than target applied voltage, and this is outputted 
from D/A2. By the above, NOx gas concentration can be measured with oxygen gas concentration. 
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[0059] Next, the operation effectiveness concerning this example is explained. Drawing? indicated the relation 
between a pump eel current and pump eel applied voltage. Although a current will become large in proportion 
to an electrical potential difference if a pump current has a small electrical potential difference, a current will 
not change from a certain place (limiting current value). After this condition continues for a while, if an 
electrical potential difference becomes large further, in proportion to an electrical potential difference, a current 
will become large again. The curve of the property of this electrical-potential-difference-current will move to 
the bottom of Hidari slanting, if it changes corresponding to oxygen gas concentration and oxygen gas 
concentration decreases, as shown in drawing 7 . 

[0060] Therefore, as the 2nd ammeter shows a limiting current value to a pump eel, an electrical potential 
difference is impressed from the source of good transformation, and oxygen gas is emitted to outdoor so that it 
may become theoretical air fuel ratio about the amount of oxygen in measured gas. Thereby, the indoor amount 
of oxygen can always be uniformly decreased easily to about ten to 6 atm extent. Furthermore, since the value 
of a limiting current value is proportional to oxygen gas concentration from drawing 7 , it can measure to 
coincidence oxygen gas concentration in the measured gas introduced into the measured gas chamber. 
[0061] Moreover, the power source of a detector performs impression of an electrical potential difference to a 
sensor eel, and the 1st ammeter is formed in this detector. The specific gas in measured gas is returned on a 
measuring electrode by impressing an electrical potential difference to a sensor eel, oxygen ion is produced, and 
since the electrical potential difference is impressed to the measuring electrode and the reference electrode, the 
ion current according to the specific gas concentration in measured gas will flow on the solid electrolyte object 
in a sensor cel. 

[0062] Since this ion current circulates the detector connected to the sensor eel, it can be measured with the 1st 
ammeter in this detector. And since this ion current changes according to specific gas concentration as shown in 
drawing_8 , it can measure specific gas concentration from the value of the 1st ammeter. Moreover, since 
oxygen gas is already mostly sampled from measured gas in the pump eel as mentioned above, it is only oxygen 
of the specific gas origin which is ionized on the above-mentioned sensor cel. Therefore, the value of the 1st 
ammeter is proportional to specific gas concentration. 

[0063] Thus, according to the measuring method concerning this example, since oxygen gas concentration can 
be measured with the concentration of specific gas only in a pump eel and a sensor eel unlike the former, 
structure of a gas sensor component can be simplified. 

[0064] As mentioned above, according to this example, while being able to measure oxygen gas concentration 
with the specific gas concentration in measured gas, the gas-concentration-measurement approach which can 
simplify structure of a sensor component more can be offered. 

[0065] Furthermore, the measured gas chamber 101 is filled up with the porous body of 3 - 30% of porosity 
while it is constituted by the one space section, and the gas sensor component 1 used by this example is a solid. 
Therefore, in the time of manufacture and use etc., the configuration of the measured gas chamber 101 can be 
maintained easily, and it is hard to produce deformation, dimension deviation, etc. 

[0066] Therefore, since the variation in each property of the gas sensor component 1 can be decreased, it is not 
necessary to connect this gas sensor component 1 to a circuit etc., and to adjust fluctuation of each property. 
Therefore, according to the gas sensor component 1 concerning this example, a manufacturing cost can be 
reduced and the time and effort of manufacture can be saved. Moreover, since the configuration of the measured 
gas chamber 101 has little variation, according to this example, the high gas sensor component of the accuracy 
of measurement can be obtained (refer to the example 2 of an operation gestalt, and drawing 10 ). 
[0067] Moreover, the porous body is filled up with the measured gas chamber 101, and diffusion of measured 
gas will occur in a porous body in the gas sensor component 1 of this example. Therefore, diffusion of measured 
gas turns into diffusion with which Knudsen diffusion and molecular diffusion were mixed, and temperature 
dependence becomes small. For this reason, according to this example, the accuracy of measurement can obtain 
the gas sensor component 1 for which it is hard to depend on temperature (refer to the example 2 of an operation 
gestalt, and drawing 1 1 ). 

[0068] Furthermore, in the gas sensor component 1 concerning this example, the measuring electrode 21 of the 
sensor eel 2 and the pump electrode 32 of the pump eel 3 face the measured gas chamber 101, respectively, and 
are arranged. By the way, in a gas sensor component, although it is necessary to make a measuring electrode 
into activity to NOx gas, a pump electrode must be made inactive. 

[0069] Since according to this example the porous body is filled up with the measured gas chamber 101 when 
producing the gas sensor component 1, even if it is the case where the component added in order to make the 
pump electrode 32 inactive volatilizes, these components are obstructed by the porous body and it becomes 
impossible to give them to a measuring electrode 21. Therefore, poisoning of a measuring electrode 21 can be 
prevented. For this reason, according to this example, the gas sensor component in which high measurement of 
precision is more possible can be obtained. 
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[0070] The gas sensor component of a configuration of that the measured gas chamber shown in the gas sensor 
component concerning the example 1 of an example of operation gestalt 2 operation gestalt and tfrawingj? is not 
filled up with a porous body was produced, and both engine performance was compared. The gas sensor 
component 1 of a sample 1 is shown in drawingJL and ^vAngl , and the measured gas chamber is filled up 
with the porous body. Moreover, the gas sensor component 99 of the comparison sample CI has the same width 
of face, die length, etc. of the gas sensor component 1 of a sample 1, the location of each electrode, area a 
measured gas chamber, and a criteria gas chamber. However, as shown in drawing 9 , in order to establish the 
pinhole 109 with a diameter of 0.2mm in about three pump eel of the solid electrolyte object 1 1 and to produce 
the measured gas chamber 101 on the solid electrolyte object 12, the 2x1 5mm angle hole was prepared. It 
produced using the above-mentioned sample 1, the same ingredient, and the production procedure except it. 
[0071] Next, the property over NOx in the approach shown below was evaluated using the sample 1 and the 
comparison sample CI, and it investigated per property variation. Output variation was used for evaluation of 
property variation. Although it was large, the difference was taken, and this output variation was defined as the 
object which is the maximum and the minimum value to the average and which was broken by the average. That 
is, they are either {(maximum) - average} / average or {(minimum value) - average} / average. Moreover, this 
measurement was carried out on the evaluation bench which can pass specific gas. 

[0072] In addition, the conditions in this measurement consist of 5% of 02 in which, as for 400 degrees C and 
measured gas, the temperature of measured gas contained 2000 ppm NO, and 95% of N2. Moreover, the 
temperature of a gas sensor component was held at 750 degrees C, and was performed. Measurement which 
starts above was performed to a sample 1, the comparison sample CI, and ten gas sensor components each. This 
measurement result was indicated to drawing 10 . 

[0073] Moreover, it measured about the temperature dependence of a power ratio using the sample 1 and the 
comparison sample CI which were mentioned above. This power ratio defined the power ratio for what broke 
the difference for the value in 750 degrees C by the value of 750 degrees C for criteria. Moreover, this 
measurement was carried out by the same approach as ****. In addition, the conditions in this measurement 
consist of 5% of 02 in which, as for 400 degrees C and measured gas, the temperature of measured gas 
contained 2000 ppm NO, and 95% of N2. Moreover, the rate of flow of measured gas is a part for 1 .21./, and 
temperature of a gas sensor component was performed in 650 degrees C, 700 degrees C, 750 degrees C, 800 
degrees C, and 850 degrees C. Measurement which starts above was performed to a sample 1, the comparison 
sample CI, and five gas sensor components each. This result was indicated to drawing 1 1 . 
[0074] Although it was clearer than drawing 10 and drawing 1 1 , compared with the comparison sample CI, the 
gas sensor component concerning a sample 1 had small dispersion in an output, and its temperature dependence 
of an output was small. Moreover, although form status change-ization of a measured gas chamber was not 
accepted with the gas sensor component (sample 1) concerning this example when micro observation of the 
interior of the used gas sensor component was carried out, after measurement concerning drawing 10 was 
completed, the configuration of a measured gas chamber was not maintained by the comparison sample CI, but 
it was scattering in each component. Moreover, minute amount gold was detected by the measuring electrode 
21. Therefore, poisoning by deformation of such a measured gas chamber and the gold of a measuring electrode 
2 1 was presumed to be the big factor which generated output variation. 

[0075] Moreover, about the cause which temperature dependence which starts drawing 1 1 produced, diffusion 
of the measured gas by the pinhole is considered because molecular diffusion is dominant. It is because 
molecular diffusion is because the temperature dependence of a diffusion rate is strong. 

[0076] Other measuring methods which do not use the microcomputer shown in the example 1 of an operation 
gestalt are explained using the gas sensor component 1 shown in the example 1 of an example of operation 
gestalt 3 operation gestalt. This approach is the case where come whenever it is shown in drawing 12 , and 
hardware is used. As shown in drawing 12 , the pump eel applied- voltage command circuit 6 consists of the 
magnification resistance 615 which determines the amplification factor of the reference voltage circuit 61 1, an 
amplifying circuit 612, and an amplifying circuit and the magnification resistance 616, resistance 613 which 
constitutes a low pass filter and a capacitor 614, and a circuit 617 which detects a pump eel current. 
[0077] The both-ends child 633,634 of resistance R63 who detects the pump eel current which shows the input 
of the circuit 617 which detects a pump eel current to drawing 4 is connected. The electrical potential difference 
(Vd-Vb) processed in the circuit 617 which detects a pump eel current is connected to the non-inversed input 
terminal of an amplifying circuit 612 as an output, each of the magnification resistance 615 and the capacitor 
614 of a low pass filter by which the inversed input terminal of an amplifying circuit 612 determines an 
amplification factor — it connects with one side. 

[0078] Another terminal of the resistance 615 which determines an amplification factor is connected to the 
reference voltage circuit 611, and reference voltage is impressed. The output terminal of an amplifying circuit 
612 is connected to one side of the resistance 613 of a low pass filter while connecting with another terminal of 
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the magnification resistance 616 which determines the amplification factor of an amplifying circuit 612. It 
connects with one side of the capacitor 614 of a low pass filter, and another terminal of the resistance 613 of a 
low pass filter is outputted as a pump command electrical potential difference Vb. One side which will accept it 
capacitor 614 is grounded by GND. 

[0079] Electrical-potential-difference Vd-Vb which is equivalent to a pump eel current in the circuit 617 which 
detects a pump eel current is outputted, and comparison magnification of the electrical potential difference and 
pump eel current value (Vd-Vb) of the reference voltage circuit 61 1 is carried out by the magnification 
resistance 615,616 in an amplifying circuit 612. 

[0080] Consequently, it becomes the property shown in the applied- voltage characteristic ray LX1 shown in 
drawing^ . Here, the reference voltage circuit 61 1 generates the offset voltage (0mA o'clock of applied voltage) 
of the applied-voltage characteristic ray LX1, and an amplifying circuit 612 and the magnification resistance 
615,616 generate the inclination (increase of the applied voltage accompanying pump eel current increase) of 
the applied- voltage line LX1 shown in drawing 7 . 

[0081] A low pass filter (resistance 613 and capacitor 614) is installed in order to prevent that become a positive 
feedback since the applied-voltage characteristic ray LX1 is the property that the applied voltage accompanying 
pump eel current increase increases, and the applied voltage to output oscillates. 

[0082] Hardware can also constitute a control circuit 4 according to above configurations and operations. In 
addition, since the applied-voltage command of a sensor eel was also realizable in the same circuit, explanation 
was omitted here. 

[0083] It comes, whenever it is shown in drawing 13 as other examples of an usable gas sensor component by 
the measuring method concerning example of operation gestalt 4 this invention, and a component is mentioned. 
As shown in this drawing, the front face of the pump electrode 31 is covered by the protective layer 1 19, an 
electrode is direct made into the heat of exhaust gas, and this thing protects an electrode so that condensation 
etc. may not occur. Moreover, in the gas sensor component 1 concerning this example, although measured gas is 
introduced from the side face of the measured gas chamber 101, it forms the poisoning object trap layer 129 in 
the part used as this induction, and has protected it from the poisoning matter in measured gas. 
[0084] Moreover, with the gas sensor component 1 of this example, the sensor eel 2 is formed between the 
criteria gas chamber 102 and the measured gas chamber 101, the pump eel 3 met the measured gas chamber 
101, and the field of another side of the pump eel 3 is arranged so that the exterior of the gas sensor component 
1 may be met. As shown in drawing 14 , conversely [ the above-mentioned gas sensor component 1 ], the pump 
eel 3 is formed between the criteria gas chamber 102 and the measured gas chamber 101, the sensor eel 2 can 
meet the measured gas chamber 101, and the field of another side of the sensor eel 2 can also be arranged so 
that the exterior of the gas sensor component 1 may be met. 

[0085] by the way, the gas sensor component 1 concerning this example — the measuring electrode 21 (refer to 
drawingj, ) for NOx detection - NOx - although constituted from an activity electrode, a measuring electrode 
21 can also consist of inactive electrodes in NOx so that it may mention later. That is, a measuring electrode 21 
can consist of pump electrodes 31 and 32 of the pump eel 3, and an NOx inert electrode containing the same 
golden-platinum. Drawing 15 is the diagram showing the V-i property in the measured gas of the N2-02-NOx 
system at the time of constituting a measuring electrode 21 from a golden-platinum electrode which is an NOx 
inert electrode. 

[0086] Since NOx is not decomposed when the applied voltage to the sensor eel 2 is small as found in this 
drawing, the current by the oxygen pumping serves as an output. The limiting current at this time is c. 
Furthermore, when applied voltage is enlarged, also although it is called an NOx inert electrode, it comes to 
function as an active electrode. That is, since NOx can be decomposed and the pumping of the oxygen in NOx 
can be carried out, the limiting current d occurs. 

[0087] Therefore, even if it constitutes the pump electrode 32 and a measuring electrode 21 from an NOx inert 
electrode which consists of golden-platinum, the function as a gas sensor component can be achieved by making 
applied voltage into the inside a and b of drawing, respectively. In this case, since the limiting current value in 
the electrical potential difference a in the V-i property of the sensor eel 2 is what shows the amount of oxygen 
near [ this ] the eel, it can presume the offset current based on residual oxygen from the current value in this 
electrical potential difference a, and also has the merit that it is cancellable on a circuit. 

[Translation done.] 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The sensor eel which consists of a solid electrolyte object, and the measuring electrode which was 
prepared in the front face of this solid electrolyte object, and faced the measured gas chamber and the reference 
electrode facing a criteria gas chamber, Moreover, while consisting of a pump electrode of the pair prepared in 
the front face of a solid electrolyte object and this solid electrolyte object Have the pump eel arranged by facing 
a measured gas chamber, and while connecting with the detector equipped with the 1st ammeter and a power 
source, the above-mentioned sensor eel The above-mentioned pump eel the 2nd ammeter and the source of good 
transformation Measure the oxygen gas concentration in measured gas from the detection value of the 2nd 
ammeter of the above using the gas sensor component connected to the pump circuit which it had, and while 
controlling the above-mentioned source of good transformation from the acquired oxygen gas concentration 
value The gas-concentration-measurement approach characterized by measuring the specific gas concentration 
in measured gas from the detection value of the 1 st ammeter of the above. 

[Claim 2] It is the gas-concentration-measurement approach characterized by filling up with the porous body of 
3 - 30% of porosity while the above-mentioned measured gas chamber in the above-mentioned gas sensor 
component is constituted by the one space section in claim 1 . 

[Translation done.] 



http.V/www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/7/2005 



* NOTICES * 



Page 1 of 2 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

JDrawingJJ The cross-section explanatory view in the example 1 of an operation gestalt showing the structure 
of a gas sensor component. 

{Drawing^} The top view of the gas sensor component in the example 1 of an operation gestalt. 
{Drawing 3 ] The block diagram showing the gas sensor component and oxygen gas concentration detection 
means in the example 1 of an operation gestalt, and a specific gas concentration detection means. 
{Drawing 4] The block diagram showing the detail of the oxygen gas concentration detection means and the 
specific gas concentration detection means in the example 1 of an operation gestalt. 

{Drawin g 5 ] The explanatory view showing the flow concerning the oxygen gas concentration detection and the 
specific gas concentration detection in the example 1 of an operation gestalt. 

{Drawing 6] The block diagram of the pump eel applied- voltage command circuit by the microcomputer in the 
example 1 of an operation gestalt, and a sensor eel applied-voltage command circuit. 

{Drawing 7] The diagram showing the voltage-current characteristic ray of the pump eel obtained by changing 
the oxygen gas concentration in the example 1 of an operation gestalt. 

{Drawing 8] The diagram showing the voltage-current characteristic ray of the sensor eel obtained by changing 
the NOx gas concentration in the example 1 of an operation gestalt. 

[Drawing 9] The cross-section explanatory view showing the gas sensor component concerning the comparison 
sample CI in the example 2 of an operation gestalt. 

{Drawing 10] The diagram showing the output variation of the sample 1 and the comparison sample CI in the 
example 2 of an operation gestalt. 

{Drawing 11] The diagram showing the relation between the power ratio of the sample 1 and the comparison 
sample CI in the example 2 of an operation gestalt, and temperature. 

{Drawing 12] The block diagram of the pump eel applied- voltage command circuit by hardware in the example 
3 of an operation gestalt. 

{Drawing 13] The cross-section explanatory view showing the gas sensor component which prepared the 
protective layer and poisoning object trap layer in the example 4 of an operation gestalt. 
{Drawing 14] The cross-section explanatory view showing the gas sensor component in the example 4 of an 
operation gestalt with which the sensor eel was outside exposed and the pump eel was prepared between the 
measured gas chamber and the criteria gas chamber. 

[Drawing 15] The diagram showing the V-i property in the sensor eel at the time of using an inactive electrode 
for NOx as a measuring electrode in the example 4 of an operation gestalt. 

[Drawing 16] The explanatory view showing the structure of the NOx sensor component concerning the 
conventional technique. 
[Description of Notations] 

1 ... a gas sensor component, 

11, 12, 13 ... Solid electrolyte object, 

101 ... a measured gas chamber, 

102 ... a reference gas room, 

2 ... a sensor eel, 

21 ... a measuring electrode, 

22 ... a reference electrode, 
25 ... a detector, 

251 ... the 1st ammeter, 
253 ... a power source, 

3 ... a pump eel, 

31 32 ... Pump electrode, 
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351 ... the 2nd ammeter, 

353 ... the source of good transformation, 



[Translation done.] 
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[Drawing 7] 
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